Dried salted fishes are some of the more common high quality, but cheap protein sources in the Philippines.
Introduction
Dried salted fishes are traditional products of the Philippines locally known as tuyông isda. Consumed for taste, nutritional value, and affordability, these products have always played an essential role in the Filipino diet, especially among marginalized sectors of the population. According to statistics, 11.11% of the total Filipino diet per year is accounted to fish product consumption (Bureau of Fisheries and Aquatic Resources, 2002) . Espejo-Hermes (2004) explained that dried salted fish production is the most common livelihood activity of near-shore villagers in the country.
Dry salting of fishes is done in places in the Philippines where fishes are caught in abundance or there are large quantities of surplus of raw fish. Next to Indonesia, the Philippines is the largest dried-salted fish producer in Southeast Asia with almost 38% of the total catch being processed into dried fish products. The preservation of dried salted fishes involves the reduction of water activity (a w ) due to the addition of large amounts of salt and water evaporation; that eventually suppress growth of spoilage microorganisms (Sikorski and Sun Pan, 1994) .
The traditional sun-drying is considered the most conventional and economical method of salted fish processing, and is widely practiced in the Philippines and possibly in many developing countries. However, one of the major disadvantages of this traditional method is the susceptibility of the raw materials and products to microbiological contaminations that compromises product quality and safety (Zakhia, 2000; Espejo-Hermes, 2004) .
Although the lowering of a w is sufficient to arrest the activity of several bacteria, growth and multiplication of some yeasts, molds and halophilic bacterial species have been reported (Lund et al., 2000) . Species of major halotolerant bacteria such as Staphylococcus, Vibrio, and Pseudomonas have been identified in dry-salted fishes (Hernandez-Herrero, Roig-Sagues, Rodriguez and Mora-Ventura, 1999) . Consequently, some processors have shifted to the expensive mechanical drying methods that require large energy input. The use of mechanical dryers has exhibited advantages in terms of faster rate of drying time, controllable sanitary conditions and improved end-product quality (Desrosier, 1978) . The use of mechanical dryers does not however assure the microbiological quality of the product since there are other factors that may introduce contaminations. Cognizant of this, it is therefore imperative that dried salted fish processors, regardless of the drying method employed, make sure that microbiological contaminations of raw materials are minimized to come up with acceptable products. This study was conducted to evaluate some quality parameters of dried salted Sardinella fimbriata subjected to different drying techniques, and determine if such quality parameters comply with set standards for the commodity. The production of an acceptable dried salted fish product can pave the way for possibilities in exporting another traditional Filipino product to a wider market and contribute to the country's income (Acevedo and Munar, 1980) . Meeting quality standards will also ensure market competitiveness of such products, particularly that the country has just ratified its Food Safety Act in 2013, and at it prepares for the 2015 economic integration of the Association of Southeast Asian Nations (ASEAN).
Materials and Methods
Dried Salted Herring Samples Two sun-dried salted herring manufacturers were chosen to become sample sources based on proximity to the laboratory where the study was conducted. A manufacturing plant from Ligtong, Cavite Province, Philippines and a community-based processing site from Dalahican, Quezon Province, Philippines were identified as sample sources. Both sample sources agreed to have their process flows documented but requested that information on formulations not to be reported in publications. Initial documentation works showed that these two sources had distinct process flows (Figure 1a-b ). Both processors co-operate with fisher folk from nearby areas who supply freshly net-caught herrings of marketable sizes that range from 15 _ 16 cm.
The Cavite process involves an initial 2 _ 3 min washing of the herring, which is immediately followed by a 24-h salting in ice.
The salted herrings were then again subjected to washing and sprinkling to remove residual salts before subjecting to sun-drying These process flows were used to develop a generic process employed in the laboratory preparation of salted herring for mechanical drying (Figure 1c City, Philippines. The fishes were placed in an ice chest and immediately transported to the laboratory for processing. Rock salt was also purchased from the same market. The fishes were processed within 4 h of purchase. The fishes were washed with running tap water at 28℃ for 2 min and drip-dried on a sanitized metal sieve for 2 min at the same temperature. A modified wet salting method based on the combined procedures of Espejo-Hermes (2004) and the identified processors were followed. Salting mixture composed of fish, ice and salt at 3:1:0.9 w/w/w ratio was prepared. The fishes, ice and salt were alternately distributed on a 76×51×23 cm 3 plastic cooler (Coleman, USA). The mixture was allowed to stand for 24 h prior to drying.
Initial runs of salted herring drying using a cabinet (CD) and a high performance mechanical (HPM) dryer were conducted to establish the total drying times. Data gathered from the initial runs (data not presented) were used to determine the sampling points for the physicochemical and microbial quality evaluations. Prior to drying, the fishes were removed from the brine and drip-dried on a sanitized metal strainer for five minutes at 28℃. Two-1000 g portions were obtained for cabinet and high performance mechanical drying. The salted herrings were arranged in a metal Halophiles were enumerated using 3% NaCl-supplemented SMA, while thermophiles were isolated on SMA incubated at 60℃ 
Results and Discussion

Microbial and Physicochemical Characteristics During
Mechanical Fish Drying Changes in the microbiological and physicochemical quality indicators during mechanical fish drying are summarized in Figure 3 . Results showed that the TPC ( Figure   3a ) significantly decreased from 4.51 log CFU/g in the fresh fish to 2.79 log CFU/g after the 24-h salting process. Further reductions in the TPC were observed at the mid-and end-point of both CD-and HPM-dried fishes, although not statistically significant. The initial TPC in the freshly caught fishes is similar to a study cited by Jay (2000) for raw seafood that contain total microbial counts of <5.88 log CFU/g. Nickerson and Sinskey (1972) described the microflora of freshly caught fishes to be composed of both Grampositive and negative bacteria. The decrease in the TPC is also similar to that described in Rahman et al. (2003) . The continuous reduction in the TPC after salting and during the drying process can be attributed to the significant reduction in the a w that was accompanied by significant reduction and increase in moisture and NaCl, respectively (Figure 3 g-h) . Jay (2000) greater than the HPM samples. However, by the end of the drying processes, populations in both samples were below detection limit.
Generic E. coli was only isolated in the unprocessed fresh fish. Azanza et al. (2003) reported a similar proportion in the total coliform and generic E. coli in oysters. Craven et al (1997) further discussed that coliforms grow in microcosm associated with food usually in the absence of enteric pathogens such as E. coli.
The unprocessed fishes were found to contain 3.08 log CFU/g Staphylococcus aureus (Figure 3f Salmonella spp. were not isolated from any of the samples analyzed (data not presented). Forsythe (2000) explained that
Salmonella spp. are usually found in raw and processed foods and is associated with poor hygiene and unclean conditions. Furthermore, Salmonella spp. are not usually isolated from marine sources since the organism is not able to tolerate the physicochemical conditions of such environments. The salting and drying processes to which the fishes were exposed are similarly not favorable for Salmonella survival (Roberts et al., 1996) . not statistically different, while thermophilic populations in all samples were below detection limit (<1.0 log CFU/g).
While coliforms were not isolated from the mechanically dried samples (<1.0 log CFU/g), populations of 1.63 and 1.74 log CFU/g were respectively isolated from the sun-dried samples from Cavite and Quezon Provinces. The more controlled environmental conditions to which the fishes were subjected during salting and drying in the laboratory could explain the observed difference. Finally, consumer scores (n = 50) summarized in Figure 5c illustrate the Hedonic Ratings for uncooked salted herring samples. Figure 2 ). This trend in the sensory quality is opposite of those observed in the microbiological and physicochemical quality evaluation and may predispose consumers to foodborne infections. Unfortunately, consumers often base their choice of commodities on external quality attributes such as appearance, color, shape and size; and often neglect internal quality such as physicochemical and microbiological parameters.
Continuous consumer and manufacturer education on basic hygienic food manufacturing shall protect both parties from losses and diseases due to microbial contaminations.
Conclusion
To sum up, this study was able to demonstrate the efficacy of cabinet-and high performance mechanical dryers to produce dry salted herrings with specifications and quality attributes in accordance to Philippine National Standards. This work was also able to establish that sun-and mechanical drying of salted herring can result in products with almost similar microbiological, physicochemical, and sensory quality attributes. With some improvements in the hygienic and food safety practices, and possibly minor changes in the process flow of sun-dried salted herring manufacturers (e.g. additional washing step of the raw materials prior to salting), products with quality attributes similar to those of mechanically dried ones can be produced. The results established in this work can serve as baseline information for the continuous effort to improve and maintain quality and safety of such products, especially that the country has just ratified the Philippine Food Safety Act of 2013; and as the country prepares for the Association of Southeast Asian Nation (ASEAN) integration in 2015. 
